Abstract
INTRODUCTION
The global production of oilseeds during 2013-14 was tremendously higher at 504.3 million tons compared with 8.5 million tons in 1964-65 (World Agriculture Supply and Demand Estimates, 2014). With such volume expansion, oil extraction process has emerged as a significant activity in the industry.
In the conventional method, oil extraction is done physically by heating oilseeds with water and then separating the oil phase. In this process, salts are also added to coagulate proteins bound to fat molecules. Further, hand pressing (either cold or hot depending upon food matrix and chemical stability of oil to be extracted) is also practiced at medium level processing plants. Chemical method is preferred for large-scale production if oil content is less than 20% (Snape & Nakajima, 1996) . In chemical method, an organic solvent (mostly hexane) is used to extract oil from milled seeds. These include peanut (Arachis hypogaea), soybean, sunflower, corn (Zea mays) and palm kernel (Mattil & Norris, 1964) . Solvent is then recovered after separating the oil by evaporation.
While high extraction temperature, in physical methods, destroys proteins and natural vitamin E content, lower temperature during cold pressing (in 50°-70°C range) reduces yield (though with the limited damage) leading to increased cost of product. As defined by the US Environmental Protection Agency, particulate matter and volatile organic compounds are the principal emissions from vegetable oil processing. The industrial operations such as transfer, handling and processing of raw seeds involve generation of particulate matter (PM). The oil extraction process causes emission of volatile organic matter (VOC) such as hexane which is a hazardous air pollutant. Emission from vegetable oil refining industries is major contributor (0.7 kg of hexane per ton of seed) of hexane in air (US EPA, Control of volatile organic emission from manufacture of vegetable oils, 1978). Exposure of hexane at 125ppm for 3 months causes peripheral nerve damage, muscle-wasting, and atrophy (Material safety data sheet for n-Hexane). However, complete removal of hexane might not be possible by evaporation and it remains into the product to an extent. Sometimes, product obtained after solvent extraction is high in free fatty acids (FFA"s), waxes, unsaponifiable matter and happens to be of dark greenish-brown color (Juliano, 1985) . Therefore, it necessitates and makes refining a critical parameter for final product quality. Also, it is essential that maximum vitamin E, which is naturally present, remains in oil after processing as it prevents oil from oxidizing. Oils with little vitamin E tend to go rancid quickly unless treated with externally added antioxidant chemicals. Due to all these problems associated with conventional methods of extraction of oil, extensive research and development projects are going on with the ultimate goal of gaining competitive advantage and market share.
Emulsion is a heterogeneous system consisting of at least one immiscible liquid dispersed in another in the form of droplet with the help of surfactant. There are two types of emulsions: oil-in-water (O/W) (oil is dispersed phase while water is continuous phase) and water-in-oil (W/O) (water is dispersed phase and oil is continuous phase). Depending on the size of the dispersed particles, emulsions can be classified into: macroemulsion (droplet size-1.5-100 µm); nanoemulsion (droplet size-50-500 nm) and microemulsion (droplet size-3-50 nm) (Windhab et Griffin, in the 1940s, (Griffin, 1949 (Griffin, , 1954 assigned numerical values to surfactants to classify their behavior and solubility in water. Surfactant is a combination of hydrophilic and lipophilic groups in a single molecule and the weight percentage of these two groups is an indication of the behavior of that surfactant molecule. The HLB value predicts the action of a surfactant, for instance, HLB<10 would be good for water-in-oil emulsion whereas HLB>10 would be good for oil-in-water emulsion. increased significantly over the past twenty years. This paper reviews the basic principle of microemulsion and its application in oil extraction. In this paper, we are going to discuss two main topics: i) Principle of microemulsion and ii) Role of microemulsion in oil extraction.
MICROEMULSION

Microemulsion vs Conventional Emulsion
Microemulsion is a four component system prepared by emulsifying oil in aqueous system with the help of surfactant and co-surfactant. Table 1 . Microemulsions can either be oil-in-water, water-in-oil or mixture of these two called bicontinuous phase. Figure 3 illustrates a representation of an O/W microemusion droplet. 
Main Constituents of Microemulsion
Microemulsion is a system containing oil, water, surfactant and co-surfactant as major components. A large number of oils and surfactants can be used for microemulsion formulation but their toxicity, unclear mechanism of action, limit their use. The materials should be biocompatible, nonhazardous and safe while using. The emulsifiers should be used in proper proportion that will give amiable and unambiguous microemulsions. To summarize, all the components used to make microemulsion should be considered as generally regarded as safe (GRAS).
The oil component affects curvature due to its ability to penetrate, resulting in swelling the tail (hydrophobic) group region of the surfactant. Short chain oils have higher capacity to penetrate the tail group of surfactant than that of long chain oils. Swelling the tail group results in negative curvature and lessens effective HLB value (Ghosh & Murthy, 2006) .
During microemulsion formulation, surfactant lowers the interfacial tension to very small value and eases the dispersion and produces suitable curvature at the interfacial area. Surfactants having low HLB value (HLB<10) is suitable to water-in-oil (W/O) microemulsion whereas those having high HLB value (HLB> 10) is suitable for oil-inwater (O/W) microemulsion (Gadhave, 2014 ).
Most of the times, surfactants alone are not able to reduce the interfacial tension significantly to enable microemulsion formation (Bhargava, 1987; Kreuter, 1994; Lawrence, 1994; Tenjarla, 1999 ). These components integrate into interfacial films, but they are not surfactants and don"t form micelles on their own. Classical co-surfactants in colloid science are molecules with a small polar head group and an alkyl chain of a suitable length, e.g. n-hexanol, n-pentanol, n-octanol etc. Figure 3 shows orientation of oil, water, surfactant and co-surfactant in oil-in-water (O/W) microemulsion.
Microemulsion Classification
Winsor identified four general types of phase equilibria. On that basis, microemulsion can be classified into four types (Winsor, 1948) 
Phase Diagram Study
Solubilization and interfacial properties of microemulsions depend on pressure, temperature and nature and concentration of the components (Kahlweit, 1982; Lessner et al., 1983 ; Sottmann & Strey, 1997). Therefore, determining the phase stability diagram and position of the various structures formed within these water-oil-surfactantalcohol systems in terms of variables are very important. Brief description of a ternary phase diagram is given below.
Ternary Phase Diagram
The ternary phase diagram of a three-component microemulsion, at constant temperature and pressure, is split into two or four regions. The pseudo ternary phase diagram (four component system) is constructed to find the different zones including microemulsion zone as shown in Figure 5 . 
Preparation of Microemulsion
Phase Inversion Method
Phase inversion of microemulsions is formed either by adding excess of dispersed phase (Phase Inversion Concentration) or in response to temperature (Phase Inversion Temperature). The phase inversion method makes drastic physical changes in the system such as changes in particle size.
In phase inversion temperature (PIT) method, the interfacial tension is the key factor. On cooling, the interfacial tension get lowered and can be found in the phase inversion region from water- 
Phase Titration Method
Microemulsions are prepared by the spontaneous emulsification method (phase titration method) and can be explained with the help of phase diagram. Construction of the phase diagram is highly recommended to understand the complexity of interactions of different components system that occur due to mixing. Depending on the chemical composition of each component, microemulsions are formed along with various related structures, like emulsions, micelles, lamellar, cubic, hexagonal and different gels and oily dispersions. The knowledge of their phase equilibria and demonstration of the phase boundaries are very important to study which are explained in section 2.4.
Characterization of Microemulsion
The characterization of microemulsion is a challenging task because of its complexity, variety of structures, components involved in this system and limitations associated with each technique. The physicochemical characterization of microemulsion is mainly based on phase stability, phase behavior, microstructure and dimension (size and size distribution), shape, surface features, local molecular arrangements, interactions and dynamics. Among all these properties, particle size and distribution, their interactions and dynamics are most important as they oversee many of the properties of microemulsions. Therefore, integral studies using a conjugation of techniques are required to get an encyclopedic view of the physicochemical properties. At the microscopic level, viscosity, conductivity and dielectric properties affect the system considerably therefore their analysis is very important to get significant information.
The size distribution of microemulsion is very important to understand the mechanism involving stability and penetration into the membrane ( 
ROLE OF MICROEMULSION IN OIL EXTRACTION
Industry calls for a safer and efficient process because of the problems (discussed in introduction) incurred in conventional method of oil extraction, to which Green Nanotechnology could be an answer (Raman et al., 2003; Komesvarakul et al., 2006; Do et al., 2009) . Their principle focus is formation of environmentally friendly emulsifier based constitutions that retains the simplicity of operation and lowers the energy consumption while maintaining performance.
Hence, aqueous-based biocompatible microemulsions could be the replacement for hexane. The ultralow interfacial tension is very important property for a surfactant based system to be used in extraction of oil since it promotes both collection (roll up) and quick removal (snap-off) means of oil from the oil-seed.
Principle of Oil Extraction by Microemulsion
Microemulsions possess nano-sized aggregates that could be used as "receptors" for extracting specific molecules at a nanoscale level . Since microemulsions contain droplet sizes of 1-100 nanometer (nm) scale, they can be considered "small" vessels or nanophases for conducting reactions .
They have capacity to solubilize both water and oil soluble compounds (Paul & Moulik, 2001 ). The extraction of oil from oilseeds by microemulsion (water/surfactant/cosurfactant) system involves solubilization and incorporation of oil into the micelles and builds oil-in-water or bicontinuous microemulsion (Solans & Kunieda, 1997; Furan, 2009). In aqueous based extraction, water soluble components of oil seeds are dissolved resulting in release of oil bound to the cell structure (Johnson & Lusas, 1983) . Here, water is the continuum phase and oil gets trapped in the hydrophobic core of the micelles. The extent of solubilization and extraction of oil in premix (a mixture of known quantities of surfactant, co-surfactant and water) can be obtained from the phase diagram. It is equal to the percentage of oil at the boundary of one-phase microemulsion area along the corresponding dilution line of the premix. Once the oil is trapped in premix, it is very unlikely to get released from micelle structure . 
Effect of Operating Parameters on Extraction Efficiency
Emulsion based vegetable oil extraction consists of the removal of the oil from solid oilseed to the liquid phase. There are various parameters involve in oil extraction. These parameters are contact time between oilseeds and the solvent, shaking time, the extraction temperature and solid to solvent ratio. There should be a sufficient contact time for solvent to interact with the oilseeds and make most efficient extraction of the oil. Temperature pushes the rate of extraction at which solid and solvent form equilibrium. Shaking time improves the contact area of solids with the solvent and thus increases the extraction of oil.
Importance of Linkers in Oil Extraction
Sometimes, when ambient conditions are not favorable for microemulsion formation by using only extended surfactants, linkers could be incorporated in the system along with them to give better results (Do et al., 2009 ).
Linkers, with the help of surfactants, lower interfacial as well as surface tension drastically. Hydrophilic and lipophilic linkers (e.g. hexyl polyglucoside and sorbitan monoleate respectively) along with the surfactant (e.g. lecithin) decrease the surface tension. This facilitates microemulsion formation and hence the oil extraction (Acosta et al., 2004 . Linkers, unlike co-surfactants which have tendency to get adsorbed at the oil-water interface, show unique behavior in a microemulsion. Lipophilic linkers are amphiphilic molecules such as fatty alcohols, acids or amines and segregate near the surfactant tails, deeper into the oil side of the interface (Bourrel & Schechter, 1988) . Hydrophilic linkers, on the other hand, with a short hydrophobe and a strong hydrophile, have ability to co-adsorb partially with the surfactant expanding the interfacial area. However, they do not interact substantially with the oil phase (Acosta et al., 2002) . Both of these linkers combine at the interface in presence of a surfactant which allow their segregation and form "selfassembled" structures which have surfactant like properties (Acosta et al., 2004) . This reduces the amount of expensive surfactant needed for extraction (Sabatini et al., 2003) . Further, oil extraction through microemulsion can be facilitated by using "extended surfactants" (Witthayapanyanon et al., 2006) . These contain one or more intermediate-polarity groups (ethoxylate and/or propoxylate) between the hydrophilic head and the hydrophobic tail hence cause extension of latter. This extended tail segregates further into the oil phase without sacrificing the water solubility (Salager et al., 2005) . This unique structure of extended surfactants allows them to achieve ultralow interfacial tension (IFT) as low as 10 −3 mN/m with a wide range of oils.
Effect of Temperature
Temperature is also one of the most important parameters affecting extraction of oil through microemulsion. The solubilization and extraction of the oil increase with increase in temperature. This can be explained by phase diagram (Fig. 7) . The figure depicts the one phase microemulsion areas of oil/surfactant:co-surfactant/water systems are increased with increasing the temperature (Radi et al., 2013) . This is a key factor for the solubilization of oil from oilseeds. The premix of microemulsion (a mixture of known quantities of surfactant, co-surfactant and water) can solubilize a definite quantity of oil and produce one phase microemulsion at respective temperatures. The solubilization of oil into premix of microemulsion is directly proportional to the temperature. Hence, the precaution should be taken in selecting a system having high capacity of oil solubilization at higher temperature with restricting the formation of microemulsion at lower temperature. This means the one phase microemulsion which is formed by solubilization of extracted oil at elevated temperature should get destabilized at lower temperature (cooling) and get converted into multiphase microemulsion system. This multiphase microemulsion has no ability of holding the oil and thus separation of extracted oil from the system takes place. b. Reverse micelles posses hydrophilic core with hydrophobic tail pointing outwards. This extraction technique requires some concentrations of organic solvent (e.g. hexane, isooctane, or cyclohexane) to form desired suspension.
c. These are microemulsions containing both normal and reverse micelles dispersed equally, having potential of extracting both water and oil soluble component.
d. Though studies aim at formulating various types (Winsor I, II, III and IV) of microemulsions at ambient temperature, the technique can be extended for extraction purpose.
Advantages of Microemulsion in Oil Extraction
 Process avoids use of any hazardous organic solvents for oil extraction; hence it is a relatively "Clean Approach" (Naksuk et al., 2009) .  Efficient at room temperatures.  Low surfactant concentrations needed to achieve high efficiencies.  Less process (extraction) time.
 Simultaneous recovery of oil and protein is possible with low initial costs.  Evaporation is replaced by centrifugation for oilsolvent separation, therefore decreasing the operating cost to a large extent. Good quality oil without any burnt flavor which is present in solvent extracted product as a result of heating to recover hexane.
CONCLUSIONS
The current review presents microemulsion as an alternative approach in oil extraction system. It provides one of the most promising systems to improve solubility, bioavailability and functionality of hydrophobic compounds. It would be the best alternative to conventional VOCs/solvent extraction method.
Microemulsion contains nano-sized agglomerates that help in extracting of oil at nanoscale levels. This process operates at room temperature so no extra energy is required while conventional extraction methods operate at elevated temperature and thus, consume large amount of energy. This technique is very effective even at low surfactant concentration. The quantity of oil extracted by this method is almost same as that of solvent extraction method. Further, it is possible to recover oil as well as protein 
